with CKD both in persons with, and without diabetes. This supports the concept that retinal microvascular signs are indicators of generalized microvascular disease even in the absence of diabetes, and reinforces the link between retinal and renal microcirculations.
Introduction
In persons with diabetes, retinal microvascular signs such as retinopathy lesions are often associated with microvascular complications in the kidney [1] . Interestingly, retinal microvascular signs can also be found in between 7-13% of persons without diabetes [2] . The presence of these signs is considered a marker of systemic microvascular disease [3] . Their cause in the absence of diabetes is uncertain, but their presence is associated with systemic cardiovascular disease such as elevated blood pressure, inflammatory markers and an increased risk of cardiovascular disease [3] [4] [5] [6] .
It remains unclear if these retinal microvascular signs in persons without diabetes are also associated with kidney disease as is the case in persons with diabetes. Some early studies suggest that these retinal microvascular signs are also associated with chronic kidney disease (CKD) in persons without diabetes [7] [8] [9] . However, these early studies mostly utilized only a single fundus photograph of a randomly selected eye of each subject to define presence of retinal microvascular signs, underestimating their prevalence. Further, these studies utilized a relative measure of retinal vessel caliber, the arteriole-to-venule ratio (AVR), which has since been shown to mask specific associations of arteriolar or venular caliber with systemic disease, and its interpretation as an indicator for narrowing arteriolar caliber is based on an erroneous assumption [10] . It is now recommended that arteriolar and venular calibers be measured and analyzed separately [5, 10] . A recent case-control study compared persons with and without CKD, and found narrower arterioles associated with proteinuria. This report did not examine the retina-kidney relationship in persons with and without diabetes separately, was based on a small sample (n ϳ 30), and also mainly used AVR as a measure of arteriolar narrowing [9] . We thus sought to confirm these findings in a large population-based study of persons with, and without diabetes, using separate measurements of arteriolar and venular caliber.
Methods
We examined baseline participants of the Blue Mountains Eye Study, a population-based study of predominantly Caucasian people aged 49 years or older at the commencement of the study in 1992 [11] . The study was designed to analyze the relationship of systemic disease to ocular conditions [2] . Baseline participants (n = 3,654) represented 82.4% of eligible potential participants living in two postcode areas in the Blue Mountains, New South Wales, Australia. This study was conducted according to the recommendations of the Declaration of Helsinki, and was approved by the Western Sydney Area Human Research Ethics Committee and the University of Sydney Human Research Ethics committee. Written, informed consent was obtained from all participants.
Excluding participants without blood test results or suitable retinal photographs left 2,971 for analysis, including 240 with and 2,731 without diabetes, defined from fasting plasma glucose and history [2] .
At the baseline examination, stereoscopic retinal photographs (30°) of the macula and other retinal fields of both eyes, using a Zeiss FF3 fundus camera (Carl Zeiss, Oberkochen, Germany), were taken after pupil dilation. Detailed grading methods were described previously [12] and are identical to the methods used in other similar studies [13] . In brief, we used a validated computerassisted method to measure the internal caliber of retinal arterioles and venules from all gradable digitized retinal images, which were then summarized using formulas by Parr and Hubbard [14, 15] , with correction for magnification [7, 16, 17] ( fig. 1 ). The formulas take into account branching patterns and allow all measured vessel calibers in an eye to be summarized as an index representing the mean arteriolar or venular caliber of that eye. As previously reported, intra-and inter-grader grading agreement is high, with quadratic weighted values ranging from 0.80 to 0.93 [15] . Arteriolar narrowing was defined as persons with average arteriolar caliber in the smallest quintile and venular dilation as persons with average venular caliber in the largest quintile [9] .
Among participants in the largest quintile of venular caliber, mean caliber was 248.7 m, range 238.4-270.8 m. Among participants in the other, smaller quintiles, mean caliber was 215.6 m, range 174.6-238 m. For arteriolar caliber, among participants in the smallest quintile, mean caliber was 162.6 m, range 113.9-174.0 m, whereas among participants in the other, larger quintiles, mean caliber was 197.7 m, range 174.0-258.7 m.
Trained, masked graders assessed 6-field retinal photographs of both eyes taken at baseline for retinal microvascular signs: focal arteriolar narrowing, arteriovenous nicking and retinopathy [18] . The modified ETDRS diabetic retinopathy classification [19, 20] was used to grade retinopathy. Retinopathy was diagnosed if any of the following lesions were present: (1) microaneurysms, (2) blot or flame shaped hemorrhages beyond 1/2 disc diameter from the disc margin, (3) hard exudates or (4) cotton wool spots.
Participants had systolic and diastolic blood pressure (SBP and DBP) measured using a single mercury sphygmomanometer with appropriate adult cuff size, after seating the participants for at least 10 min. Fasting blood samples were collected and processed at the Institute of Clinical Pathology and Medical Research at Westmead Hospital within 4 hours of blood collection [21] . Creatinine was measured with a Hitachi 747 biochemistry analyser.
Digital image
Edge detection Measuring arteriolar and venular caliber 
Color version available online
Estimated glomerular filtration rate (eGFR) was calculated from serum creatinine according to the abbreviated Modification of Diet in Renal Disease (MDRD) formula [9] . CKD was defined as eGFR MDRD ! 60 ml/min/1.73 m 2 , which corresponds to the National Kidney Foundation definition [22] . Severity of CKD was defined as none/mild (eGFR MDRD 6 60), moderate (30 ^ eGFR MDRD ! 60) and severe (eGFR MDRD ! 30). Diabetes was defined as a physician diagnosis of diabetes, or a fasting blood sugar 6 7 mmol/l.
Logistic regression models based on maximum likelihoods were constructed to examine the relationship of retinal microvascular signs with the presence of CKD, as well as a test for a trend with increasing severity of CKD, where CKD was the outcome factor. Models were adjusted for age, gender, blood pressure and fasting plasma glucose. Odds ratios (OR) and 95% confidence intervals (CI) were reported.
Results
Baseline characteristics of this population are presented elsewhere [11] . Briefly, 1,360 participants (45.8%) had CKD. The mean age of participants with CKD was 71.2 years, compared to 59.1 years in those without CKD. CKD was more frequent in persons with retinal microvascular signs, including retinopathy. fig. 2 ). These associations were relatively similar in persons with and without diabetes ( table 2 ). There was a significant trend for stronger associations of retinopathy with increasing severity of CKD (adjusted OR 2.0, 95% CI 0.8-4.8 for severe vs. none/mild levels; OR 1.2, 95% CI 0.9-1.5 for moderate vs. none/mild levels, p for trend 0.03; table 3 ).
Discussion
In this study, we found that certain retinal microvascular signs, namely retinopathy lesions and venular dilation, were associated with CKD both in persons with, and without diabetes. This suggests that retinal microvascular disease correlates with renal microvascular disease, independent of the cause of the systemic microvascular condition. Our findings are consistent with those from the Atherosclerosis Risk in Communities (ARIC) Study [7] and Cardiovascular Health Study [8] , in which retinopathy lesions were associated with renal dysfunction. Retinopathy lesions are associated with abnormalities in the coronary circulation [23] [24] [25] [26] and may thus be a marker of generalized microvascular disease from vascular endothelial dysfunction [27] in the retina, kidney and other microvascular beds.
Our finding of an association between vessel caliber and CKD is consistent with the ARIC Study [7] and the recent case-control study by Baumann et al. [9] . Both studies reported smaller AVR associated with CKD and attributed smaller AVR to narrower arteriolar caliber, although it could also be due to wider venular caliber [10] . The study by Baumann et al. [9] examined arteriolar caliber separately, and found narrower arteriolar caliber as- sociated with CKD, while ours found an association with wider venules. It may be that both arteriolar narrowing and venular dilation contribute to the smaller AVR found in these studies, and different studies detected different aspects of this relationship. In addition, differences in study findings may be related to our older population (average age 66 years, compared to 62 years in Baumann et al. [9] ) which may have reduced our ability to detect arteriolar narrowing since with increasing age arterioles become stiffer and less able to narrow. In unadjusted analyses, narrower arteriolar caliber was associated with CKD in our study as in Baumann et al. [9] ; this association attenuated and became nonsignificant after adjustment for age, blood pressure and other risk factors. Our study is larger than that of Baumann et al. [9] , which may have increased our power to detect the association with venular widening. The possibility that venular widening underlies this association is further supported by the fact that venular widening is also associated with retinopathy lesions in persons with diabetes [6] , an association that our study also reports. The observation that venular widening rather than arteriolar narrowing is associated with CKD is significant as these vascular processes are related to different underlying pathologies [5, 6] . Wider retinal venules are reported to be linked to cerebral hypoxia [28] , endothelial dysfunction, hyperglycemia [29] and inflammation [6, 30] , in contrast to narrower retinal arterioles, which are consistently and strongly related to elevated blood pressure and increasing age. Thus, our findings shed light on the mechanisms underlying microvascular disease in the retina and kidney, and point towards possible important roles for tissue hypoxia, endothelial dysfunction and in- flammation [6] . It remains unclear whether these changes in the retina and the kidney occur in parallel, or if one precedes the other. Prospective studies will be needed to understand whether shared mechanisms exist for retinal and renal microvascular diseases. Of the 27 with severe CKD, 3 (11%) had diabetes. In addition, 17 (63%) had hypertension. We believe that the relatively low prevalence of diabetes in our population with severe CKD is likely due to the fact that we only sampled community-dwelling participants who were relatively free of advanced diabetic complications such as peripheral vascular disease, severe stroke, or severe CKD requiring regular dialysis.
The strengths of our study include a large sample size and accurate assessment of both study and outcome factors, masked and standardized grading of retinal microvascular signs from 6-field fundus photographs, and ascertainment of CKD using criteria defined from the National Kidney Foundation. Limitations include the cross-sectional nature of the study which precludes assessment of causality. The prevalence of CKD in our sample is also somewhat high, possibly due to the older population and relatively high prevalence of hypertension in our study population [11] . This is unlikely to bias our findings as our main aim is not to estimate the prevalence of CKD but rather to assess its association with retinal microvascular signs, which should not depend on the prevalence of CKD.
In summary, we report from this population-based study that persons with retinal microvascular signs, namely retinopathy lesions and wider retinal venules, are more likely to have concurrent CKD. This association persisted after adjustment for age, blood pressure and fasting plasma glucose, and was present both in persons with and without diabetes. It supports the concept that retinal microvascular signs are indicators of generalized microvascular disease even in the absence of diabetes, and reinforces the link between retinal and renal microcirculations.
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